Background: A systematic review (SR) is a sound methodology for collecting evidence on a research topic of interest and establishing the context of future research. Unlike ordinary or even expert literature reviews, SRs are systematic thus increasing the confidence in the findings from the previous published literature. SRs can be carried out by both experienced and novice researchers; however, while expert researchers" experiences with conducting SRs are important for improving the SR body of knowledge, we believe that novice researchers" experiences are equally important to establish what distinct problems they face while carrying out SRs. With a prior knowledge of these issues, novice researchers can better plan their SRs and seek guidance from expert researchers. Aim: The aim of this paper is therefore to report on experiences conducting SRs from the perspective of novice researchers. The paper reports first hand experiences of novices conducting SRs and compares them with the experiences of an expert as well as with the experiences reported in the previous literature. Method: An instrument was created and used to gather the experiences conducting SRs from three PhD students and their supervisor. The instrument covered all the SR steps; it was individually filled out by each of the participating subjects and its data was later on aggregated.
INTRODUCTION
Systematic Reviews (SRs), also known as Systematic Literature Reviews, have been recently introduced in the area of Software Engineering (SE) [9] [20] as a structured and systematic methodology for performing literature reviews. Since then, SRs have gained significant importance in SE as a means of identifying, evaluating and interpreting all available evidence relevant to a particular research question, topic area, and phenomenon of interest [7] . While to date numerous SRs have been published on diverse SE topics such as cost estimation [8] , Web engineering [12] , organizational motivators for adopting CMMIbased software process improvement [18] , agile software development [6] , software maintainability prediction and metrics [15] , and software process improvement for small and medium Web companies [19] , there have also been studies reporting their lessons learnt and experiences conducting SRs (e.g., [3] , [5] , [17] ). Almost all of these SRs have followed Kitchenham"s guidelines [7] [20] for performing SRs in SE.
As the use of SRs in SE is new, various researchers have reported problems relating to different SR activities such as formulation of research questions [17] , [3] , conducting of literature searches [5] [17] , interrater reliability checks [17] , selection bias [6] , quality assessment of primary studies [6] [5] [17] ; and also with the overall SR process as being very time consuming [1] [13] . We believe that reporting such problems as well as the experiences while dealing with these problems are not only important for other researchers who conduct SRs, but are also a supplement to the guidelines for performing SRs in SE.
While most of the studies reporting SRs or experiences conducting SRs have been carried out from the perspective of experienced researchers [1] , we believe that the problems faced by new researchers such as PhD students may be considerably different in nature as well as in magnitude from that of experienced researchers. This paper, therefore, reports first hand experiences of three PhD students (novices, the term adopted from [1] ) while carrying out different steps of SRs. The main aims of this research are therefore to:
 Collect and report experiences conducting SRs in SE from novices" perspective.  Report the issues the novices faced while conducting SRs and the actions that they took to overcome those issues.  Compare the experiences of an expert -their supervisor -with the experiences of novices and identify common issues.  Compare the experiences reported by experts -both in previous literature and by the novices" supervisor -and compare with the experiences of novices to identify common issues as well as differentiate between the issues faced by experts and novices.
The main contribution of this paper is therefore, a first hand experience report of the novices conducting SRs and how these compare with experts" experiences. We believe that the findings reported herein can be beneficial for future PhD students, their supervisors and other researchers conducting SRs in SE.
The remainder of this paper is organized as follows: Section 2 briefly presents an overview of SR activities, followed by an account of related work in Section 3; Section 4 reports the experiences of the three PhD students conducting SRs in SE as well as presents their background and the instrument used for recording experiences; Section 5 compares the experiences of the expert and the three novices; a discussion based on the comparison of the collective experiences of the novices and expert with the previously published experiences is given in Section 6 along with some suggestions for novices. Finally conclusions are presented in Section 7.
SYSTEMATIC REVIEWS
An SR is a sound methodology to understand current state of the art and to identify future opportunities for research in a given topic area [7] . SRs are very helpful in [7] [20]:
 Identifying the existing evidence regarding a treatment or technology.  Providing a context for properly placing new research activities.  Examining the extent to which empirical evidence supports or contradicts theoretical hypotheses.  Identifying gaps in the existing research.  Assisting the generation of new hypotheses.
The three main phases of a SR process are to plan, conduct and report the review [7] [20] , which comprise the following general steps [7] :  Identification of the need for conducting a SR.  Formulation of purposeful research question(s).  Development of a research protocol.  Exhaustive search of primary studies.  Selection of primary studies based on the inclusion criteria.  Quality assessment of selected studies.  Extraction of data from selected studies.  Synthesis of extracted data against the research questions.  Interpretation of results.  Report writing.
It is our view that an SR is a very important methodology for use by novice researchers because it enables them to have confidence on the results of their literature review, provides them with a sound ground to base their future research on and teaches them various key aspects of conducting research. Therefore, the conducting of SRs by novices always proves beneficial even if the outcomes of an SR in terms of answering the research questions are not as expected (e.g. small number of primary studies).
RELATED WORK
A summary of the problems with conducting SRs reported in previous studies, and whenever applicable their proposed solutions or suggestions, is given in Table 1 . In addition, some studies also suggest best practices [1] [3] for conducting SRs, challenges faced while conducting SRs [1] , and point out a need for improvement in the SR guidelines related to the aspects of quality assessment, experience/examples, simplified version, quantitative analysis, qualitative analysis, and protocol templates [1] . Moreover, Kitchenham et al. [11] also suggest that broader automated searches can find more studies than restricted manual searches; however these are more effort and time consuming in comparison to manual searches.
Note that all the related work in this section has been conducted by expert researchers and is mostly based on their experiences conducting SRs. The two exceptions are [1] [11] , which are based on interviews with SR practitioners and an SR"s replication, respectively. In addition, Oates and Capper [14] discuss their experience teaching SRs to Masters" students and Baldassarre et al. [2] discuss their experience involving graduate students in the data extraction process. To the best of our knowledge only one study to date discusses the issue of conducting SRs from the perspective of novice researchersBabar and Zhang [1] , who synthesized experiences from various researchers including Advocates, Followers and Novices by conducting an interviewbased survey. They report best practices, challenges, and suggestions for improving SRs. Although their work considered novices, the experiences reported are not first hand, and are generic in nature. Therefore, we believe that this paper is the first to explicitly detail experiences conducting SRs from novices" perspective. [1] , in particular processes of planning [13] , execution [13] and data extraction [3] . Difficulty in initial learning [4] , lack of domain knowledge [1] [3] and guidance [1] , education of the supervisors [1] , not clear when to stop the piloting process [17] , not finding many studies [5] , distributed nature of team complicates the process of protocol development [3] , limited quantity and quality of record keeping [3] , and lack of consistency among researchers for defining conceptual structure during SR [4] .
A review protocol template for optimizing the process of planning and execution [13] and for data extraction -one person extracting data and other acting as a checker [3] is more efficient than two people extracting data and comparing inconsistencies [3] . The problem of lack of consistency among researchers for defining a conceptual structure can be improved by having the support of a formalized common terminology of involved concepts represented by an ontology [4] .
Defining Research Questions (RQs):
Problem scoping RQs [3] , RQs structure not fitting comfortably with Population, Intervention, Comparison, Outcome, Context (PICOC) [17] and guidelines not considering impact of RQ type on review procedures [4] .
For scoping RQs, perform a systematic preview mapping study [3] and define complementary RQs and unit of analysis [17] .
Search Strategy:
Non-standardized keywords [3] and difficulty in identifying synonyms [4] .
Ask field/area specialists for help with synonyms [4] .
Search Process:
Databases (DBs) have limitations on Boolean expressions [4] [5] and number of characters [4] , have different search syntaxes [3] , give different results for basic or advance search [17] , and have different order of evaluation of Boolean expressions [3] ; in some DBs e.g. ACM searches cannot be restricted to abstracts and titles [5] ; most publisher-specific DBs do not return any unique results [5] ; and search strings are different for different DBs due to their different underlying models [3] .
Use a broader search string [17] and use of a common tool that can aggregate results from DB searches [17] .
Study Selection:
Unstructured abstracts [3] on the basis of which judgment on inclusion/exclusion of studies cannot be made [5] .
Promote the use of structured abstracts in SE [3] [5] .
Quality Assessment:
Not knowing how the threats to the validity were controlled [17] and if including a large number of primary studies is better than conducting high-quality review with more selective quality assessment criteria [5] . Unavailability of scoring methods for diverse study types [5] . Problems assessing quality of primary studies and that of SRs [6] .
Use of a quality criterion only for assessing publication bias, internal validity, and external validity [3] . For diverse study types, a framework was developed to assess quality of combined qualitative and quantitative empirical research was developed [5] . [6] .
For assessing quality of SRs Critical Appraisal Skills Programme (CASP), Grades of Recommendation Assessment, Development and Evaluation (GRADE), and Meta-Analysis of Observational Studies in Epidemiology (MOOSE) were used

Selection bias:
Bias in selection [6] and no inter-rater reliability checks [17] .
Pilot every part of review process and use documentation and multistage process for selection [6] .
Data Extraction and Synthesis:
Not clear how much categorization is done during extraction and how much during data synthesis [17] ; no standard method for synthesizing data from qualitative or mixed methods studies [5] ; mechanism to undertake meta-analysis are not clear [4] ; primary studies report multiple tests for one study, report subset of required data, or use different means of reporting results [3] ; and data extractors not as familiar with the statistical terms as members who defined data extraction form [3] .
Meta-ethnography was used for synthesizing qualitative, mixed methods studies [5] . For studies reporting multiple tests, refine data extraction process to ensure results from each study were not double counted [3] ; for subset of data, define a process for managing missing values [3] ; and for different means of reporting, amend data extraction and aggregation process [3] .
Reporting the Review:
Limited space while publishing [3] [5] resulting in assessment of reporting quality rather than research quality [5] . Publication problems due to lack of reviewer's knowledge of SRs [1] . Not clear if the final protocol should be shown or its evolution process [1] .
Show final protocol with footnotes where changes took place to indicate its evolution [1] .
EXPERIENCES WITH CONDUCTING SRs FROM THE NOVICES' PERSPECTIVE
In this Section, the experiences of three of the four authors of this paper -Riaz, Sulayman and Salleh (SR novices), with conducting SRs during their PhD studies are presented, organized according to the SR steps (see Section 2). They are all supervised by the same person (author Mendes) -who is experienced in conducting SRs. The time they spent in both developing the protocol and executing the SR was less than a year; Riaz took approximately 8.5 months, whereas Sulayman and Salleh spent about 10 months each. For the remainder of this paper the SR novices" are identified as N1 (Riaz), N2 (Salleh) and N3 (Sulayman) . Their SR reports and papers are listed below. The instrument used for recording their experiences is given in the Appendix. This instrument was created by the first author and was then validated until all the four authors were satisfied that it provided coverage to all the steps of the SR on which they wanted to report their experiences. Note that the same instrument was also used by the expert. The instrument was filled out individually by all four authors by recalling their experiences as well as by consulting the notes made during the review meetings, minutes of meetings and by searching through notes and footnotes in the various documents produced while conducting the SRs. This exercise was done in year 2009 i.e., within a year and a half of conducting the SRs by all three novices and after 4 years of conducting SRs by the expert. Their individual experiences were synthesized into tables by the first author, which were later reviewed in a meeting attended by all four authors. Given that a large part of the data used to report the authors" experiences were based on existing documentation from conducting SRs, we believe that the experiences reported herein are trustworthy.
Developing the SR protocol
Some similarities as well as differences were observed in the SR novices" experiences related to the development of the SR protocol (see Table 2 ). In particular, similar problems were faced while formulating the research questions (RQs) and determining the inclusion/exclusion (I/E) and quality criteria. Since the formulation of RQs was guided by the structure of PICOC, they found that identifying the PICOC really depended on the SR"s context. For example, in all the three studies, the "comparison" component was not applicable because the SRs did not intend to perform any comparisons of the intervention. The formulation of RQs was also driven by the SR novices" domains of interest, and the challenge was to ensure that the RQs were relevant and appropriate. The RQs were revised iteratively until consensus was achieved among the review team -a novice (PhD student) and the supervisor (Mendes).
The main challenge in determining the I/E criteria was based on the difficulties in specifying the conditions of a study that would make it appropriate for inclusion in the SR. The ability to define the scope of the review helped in devising the inclusion criteria. The SR novices also found that discussing this issue with their supervisor was very helpful. Regarding the quality criteria, they faced similar problems in developing the quality checklist especially in finding suitable questions for assessing the studies" quality. This led one of the SR novices to use a separate checklist for quantitative and qualitative studies. In most situations, the challenges were overcome by consulting the supervisor and referring to the existing SR guidelines, books and published articles.
In table 2, only the problem faced by a particular novice is followed by the novice identifier, N1, N2 or N3. The common problems are given without this distinction.
Conducting the SR
In the initial stage, the main problem was related to the outcomes of executing the search string as defined in the protocol. The SR novices retrieved either few or no results when searching using the comprehensive search string, however obtained more results when they broadened the search string. In addition, they also observed that there were different types of facilities and search limitations posed by different databases, adding additional complexities to the literature searching process (e.g. SpringerLink, LNCS and ACM allow only 10 terms per search string, thus the search strings had to be adapted accordingly).
The difficulty in determining whether a study was relevant to be included in the SR was also one of the major challenges. Apart from the titles, both the abstracts and conclusions were also referred to during the initial study selection. The SR novices found that in many studies there was a lack of clarity in the abstract, thus they could not rely their selection solely upon abstracts. This led them to having to read the full texts of several papers, and in some cases to also contact the paper"s authors (whenever the author(s) could still be traced).
The SR novices faced similar problems while extracting data from the studies as certain details were not clearly described or explicitly documented in the primary studies. To ensure the consistency of data extracted from the studies, each of the review teams had a joint meeting to compare the extracted data for a sample of the primary studies. With regards to applying the quality criteria, a few questions in the quality checklist could not be answered due to the lack of precise information reported in some of the primary studies. The SR novices" experiences suggest that overall each of them encountered almost similar problems while conducting the SRs (see Table 3 ). Note that as in Table 2, Table 3 also identifies a problem specifically faced by a novice by the novice identifier. The common problems faced are given without an identifier. 
Extracting data -Some of the data related to the research questions was not found in the studies (N3). -Sometimes studies did not discuss/report findings/methodology clearly or explicitly (N1). -The fields for unanswered bits were left blank (N3). -Only what was mentioned in the paper was used, instead of making any assumptions. Also, a review meeting was conducted to validate the data extracted (N1).
Synthesizing & analyzing data -Finding patterns in the data was not easy because no universal measures were used in the included studies.
-Insufficient evidence to answer the RQ (i.e. more detailed data needed to be extracted from the paper) -Tabulating important data was a challenge. Some research questions were unanswered and the tables were not filled out for synthesized data (N3).
-Models described in the included studies were not compared.
-Revised the data extraction form.
-Revised the tables for data synthesis. The empty tables were included in the review report identifying gaps for further investigation (N3).
Reporting the results of SR -Space constraints due to number of pages allowed for publication. -Lesser number of included studies appeared as threat to the importance of investigated research area (N3).
-Web links were added to present detailed reports.
-Further depth was added to the discussion section of the review to highlight large gaps in the body of knowledge and it was also supported by the literature that was relevant but did not pass SR's specific I/E criteria (N3).
Other issues -Some of the research questions were not addressed in the studies (N3). -The studies which met the inclusion criteria were only 4 (N3).
-The unanswered questions became research gaps.
-The retrieval of a very small number of primary studies, which may be interpreted by some as an indication of the research area not being worthy of investigation; however can also indicate that the research area is new and therefore needs to be investigated (N3).
COMPARISONS OF NOVICES' EXPERIENCE WITH EXPERT's EXPERIENCE
In this section the comparison of novices" experiences with that of the expert (Mendes) is presented. The experiences reported by Mendes are based on the following two systematic reviews:  Barbara A. Kitchenham [12] .
The first SR was conducted by the expert with two other colleagues. However, the expert only narrates the problems faced by her that fit the context of this study. Other non-comparable problems such as those related to being geographically apart have not been reported as they did not apply to the novices.
Some commonalities were observed when comparing novices" experiences to the expert"s experience both in developing the protocol and in conducting the SR. The common problems are summarized in Table 4 . Defining the PICOC was a challenge to the expert as it required some re-thinking of the meaning of population within the context of a SR. As for the SR novices, they found that the comparison part was not applicable for any of the three SRs. In terms of determining the quality criteria, the problem reported by the expert was related to the use of quality criteria that mixed the quality of reporting and quality of the methodology/analysis. In contrast, the SR novices had difficulties to identify suitable questions sufficient enough to assess the quality of studies included in the SR. On other issues, the expert mentioned that being geographically apart did add to the amount of effort needed to carry out the SR as the communication was done mostly by email. As for the novices, all SRs were conducted locally.
Overall, the time taken on average by the expert to conduct the SRs was of 2.5 weeks per person working full time. This in its own is a large difference when compared to the SR novices" experiences, as they each spent at least 8.5 months. None that one of the SRs conducted by Mendes contained more than 100 primary studies, thus in the case of the expert, the volume of primary studies was not related with the time taken to carry out a SR.
DISCUSSION
An SR is in our view a very useful methodology for collecting evidence on a topic of interest, thus playing an important role in establishing the context of research on a given topic. We also believe that the presence of concrete guidelines for conducting SRs and experiences of people performing SRs can greatly strengthen the SR body of knowledge. In this Section, we present a discussion of our experiences compared to that of other researchers who have also published papers aimed at reporting their experiences conducting SRs. A brief comparison is presented in Table 5 , followed by a detailed discussion. We observed that the formulation of the research questions is equally challenging for both novices and experienced researchers. Previous studies [3] [4] and our experiences for conducting SRs narrate the difficulty in defining the scope and relevance of research questions. However, the definition for the research questions" coverage criteria is more of a challenge for novices than it is for expert researchers. For novices, it is helpful to consult supervisors and domain experts, whereas for experienced researchers a systematic mapping study can be very effective [3] . In our case i.e., for novices, we revised the research questions of all three SRs we carried out until we were satisfied that the RQs covered all the aspects of the topic area on which we wanted to collect the evidence.
In our case i.e., for novices, none of the SRs had the "comparison" context of PICOC. None, except for one of the previous studies, have discussed PICOC before, saying that it was difficult to fit the research questions to the PICOC template [17] . We believe that PICOC depends totally on the focus and domain of the SR and hence it may not always be feasible to use all of its components.
Identifying keywords and synonyms was found difficult in previous studies [3] [4] . N1 also encountered the problem of identifying keywords from relevant studies (see Table 2 ). In such scenarios, we believe that the search terms can be identified effectively with the help of domain experts -for novices, the supervisors can provide the help.
A common problem the novices of this study faced and which is not explicitly mentioned in previous studies is finding a very small number of studies when applying a complex search string. The solution was to use broader search strings. It can also be useful for novices and expert researchers to consult subject librarians and seek their help to define search strings that can find most suitable results and to also deal with issues related to using numerous databases. This is what the SR novices did when conducting their SRs.
We, the novices and the expert, observed similar issues with the behaviour of various databases that in the past also caused problems to experienced researchers during the search process (see Tables 1, 2  and 3 ). The use of simpler search strings, as suggested by both the supervisor and the subject librarian, proved very helpful for the novices. However, simpler search strings further led to more manual searches within search results so increasing substantially the amount of work. Also for search processes, the two major challenges faced by the novices were determining which years to include in the searches and not knowing which sources were more appropriate for running searches. Both problems were perhaps due to the SR novices" lack of experience with the search process. To tackle the first problem, the novices considered the searches to be run from the year in which the first study of the relevant topic was published (as suggested by the supervisor); and as solution to the second problem the novices relied upon the suggestions made by their supervisor and also in the guidelines for conducting SRs in SE [7] , as well as the databases subscribed for by the University of Auckland"s library.
While comparing our experience with that reported in previous studies, we observed that none of those studies reported any problem relating to determining the inclusion/exclusion criteria. However, this problem was also faced by the expert i.e., the fourth author. Our combined experiences suggest that the definition of the inclusion/exclusion criteria depends on the domain under study as well as on how important the quality of the studies is with regards to their relevance and importance to the SR.
While developing the protocol and determining the quality criteria, the novices also faced certain problems. It was not clear whether to have one quality checklist or two separate checklists for qualitative and quantitative studies. Therefore, two separate checklists were developed for both qualitative and quantitative studies to be used for study quality assessment (N1 and N3). In our opinion, there should be some discussion in the guidelines on the effectiveness of using a single or two separate quality checklists for different study types under different situations. A single set of questions to assess both qualitative and quantitative studies enables for the quality of all primary studies to be compared throughout; however the use of a single checklist may compromise the level of quality assessment of the evidence used in a SR. Finally, we also believe that the items in the quality checklists are greatly determined by the SR topic.
It is also our experience that creating the data extraction and data synthesis forms while creating the review protocol is an iterative activity, and is largely determined and should be aligned with the RQs.
With regards to study selection, we observed that the problem with unstructured and badly written abstracts posed issues for novices as well as experts (see tables 1 and 3). This resulted in reading more full texts and posed an extra challenge in terms of the time spent on this phase. We also had to consult primary studies" authors for clarification on various aspects of the studies. However, we observed a low response rate which we believe is a possible threat to the validity of our SRs as this may have affected the number of primary studies selected.
In relation to quality assessment, novices as well as expert researchers face the problem of determining the quality of the evidence provided by the selected studies. In addition, many quality-related aspects are not reported, thus resulting in either the exclusion of the study or the granting of a low quality score.
While extracting data both novices and experts faced similar issues of missing values and tabulating the results without altering the data extraction forms (e.g., see [3] and table 3). The novices mainly narrated the results in simple forms whereas experts faced more specific problems of synthesizing data according to studies" types (e.g., see [5] ). The latter devised their own methods not explicitly mentioned in the SR guidelines. We believe that data synthesis is always in accordance with the RQs and should attempt to answer the RQs. However, if a RQ remains unanswered due to lack of evidence, this may indicate a research gap.
While reporting an SR, the problems observed by novices as well as experts are similar, i.e., limited space allowed by conferences and journals.
One of the limitations of this research is that it only reports the experiences of three PhD students. We believe that a larger sample size can be a better indicative of problems that are more general to SRs and specific to novices. We also believe that little domain knowledge and lack of prior experience in conducting SRs were two main reasons for many of the novice-related problems reported in this paper. The degree of such issues can be substantially reduced with the help of the supervisor and subject librarian.
CONCLUSIONS
In this paper, we have presented first hand experiences of novices -PhD students -conducting SRs and have compared their experiences with that of the expert researchers. We have observed that novices take much more time to conduct SRs than experts. We have also observed that while some experiences are common to both novices and experts, certain problems are only faced by novices e.g., formulating RQs, selecting studies, creating data extraction and synthesis forms, etc. The problems while determining quality criteria are also different in nature than the problems with quality criteria faced by expert researchers. Almost all of the issues encountered by novices are a result of little domain and/or SR knowledge and can be overcome by consulting the supervisor and/or domain expert and by referring to SR guidelines and published literature on SRs in SE. However, we believe that for novices to conduct quality SRs, following suggestions may be the best to follow:  Seek help from an expert in the area of SRs so that important decisions especially the protocol development can be reviewed and the judgement bias may be removed.  Gain a good knowledge of the SRs by reading and understanding the SR guidelines before attempting to conduct SRs.
 Expect the RQs as well as other parts of the protocol to evolve while conducting SRs. This will lead to extra work as well as rework in some cases.  Consult a subject librarian and the supervisor as much as possible.  Document each and every step thoroughly.  In case of ambiguities, try to contact authors of primary studies instead of considering their exclusion from the SR.
